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NOTICE :
i Change of Page Numbering

In abridging this report, originally issued March 31, 1941,
it has been necessary te¢ change thelpage numbering. Refer.
ences given in the June 30, 1941, report referring back to the

March 31 report should he translated as follows:

!

5 Page Numbers in Equivalent Page

! Preliminary Report Numbers, Abridged
| : March 31, 1941 Edition

! 37 to 43 . . o . 1 to 9

1]

154 to 142 . . . o . 167 to 171

160 to 167 . .. . . 201 to 215

127 to 133 . o . . ° 103 to 107 in
i June 30 report

108 o . . . . . 129

18 to 25 . : .

. . 216 to 239
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ABSTRACT

This 1s a progress report. The following subjeckts are

?
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L. GCalculabion of Sound Levels.
2; Acoustical ‘Properties of Materials,

3¢ Panel Transmission .
%z Window Trensmission .

5. Vibration Insulstion of Pllots?! Seats.

Thie present report presents the results obtained up to
Aprll 1st in the hope that these will ve useful to the Services
in the interdm preceding issuance of our final report.

On the basis of the work so far we can make the following
general statements and recommendations:

. In only one plane measured, the PEM~-1; ‘was the sound lavel
[ less than 110 decibels (see pages 71 to 75), Sound level mea~

: surements should be moade with.a sound level meter possessging a
, flat response and calibrated to closer bolerances than those

: provided for in the A. S. A. Standards. It is suggested that
that a central calibrating station be designeted which will
bring the instuments of all companies and testing laboratories

into agrecment.

Large reductions in sound level and structural vibration
might be achieved by using 3 bo 2 gearing and preoperly indsy-
ing the propeller with respect Ho the wotor shalt such that
the second order motor vibration cancels ocut a portion of the
propeller fundamental. All openings from the pillek'!'s compart-
ment Lo the outside, or to the bomb bay, through which cables

as3. should be sealed with felt wazhers or with rubber bellows.
7

1d e by vonitllator ducts;, lined with
ia

Ventilation sho
& L

sound absorbing nat

i Of the possibilities inveatigabed thus far the siructure
' baest sulted for the acoustical treainent of ailrplanes appears
to be one or more layers of porous material apaced as far as
practicable Iyom tlwe fusslage s3kin., AL L10 cyclss for one
parbicuiar matoriul about twice as much abscrytion can be oh-~
tained with 273 as much weight of material mérely by changing
the material spacing (sec pages 125 and 126}). The natcorial
should be mounted in as large _panels as practlcable and
the edges should he sealsd to prevent eaay leakage of air,
The matorial should be be two or three inches thick £ér best
2 absorpbion at the higher frequencies. (Sce page 125},
o Furthier sound reduciion in the pilote! compartment over that
now observed can be obtained by spacing the sound abscrbing
materisl four to six inchos out from the aluminum skin, or

“u
T
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- inersasing the weight of the material {or both),. Acoustical -
maberials near the propeller tips should be somewhat heavier .
fhen in other locations.

Measurements show that untreated Ffuselage panels attenumate
sound very 1ittls, Each small pancl lying between longerons
and bulkhead stiffencrs has its own resonance frequency. A
thin shect of mica cemented to each pancl will damp these vi-
brations, but does little good if the longerons and the panel
vibrate ag o whole, (See page 166.) Preliminary rcsults
ghiny, that below 500 cyeles lightweight acoustical materials
eontribute almost nothing fo the attenustlion of transmitied

mound, bub do absorb sound’if spaccd far enough from the
uuL r skin. (Soe page 195,) =

Measurcments have beon performed on windews of various .

‘ thickmesses and sizes made from a number of common materials.
These results show that it seems worthwhile to increase the
thickness of those windows which are ncar the propeller tips, '
even at the oxpcnse of added weight {page 243). Double win-
dows are inferior acoustically at the lower frequencies to

single windows of the same weight (page 239). A small weight
dissipatively coupled to the conter of a window pane will de-
crcase the tronsmissidn through it by a.significant amount,

(Sec pages243 and 244.)

Vibraticn insulation of chairs must be done with care
since the amplitudes ot some fregquencies may be incresased
when clastic mounts are’added unless the mounts aro properly
positioned and oriented,
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INTRODUGCTION

An important objective of this project has been to devise
ways of considering acoustic propert¢es of aircraft structures
analytically in order that their perfo mance may be determined
from a few simple measureuentQ, such as weight, stiffness; re-
sistance to air flow, depth of air cevities between the outer-
skin and the materials, etce Graphs from which one can calcu~
late the attenuation of windows of various sizes, and the at-
tenuation of sections of fuselage have been partially compiléd.
Similarly, graphs for calculation of the sound absorption of
materials are included. Still to be developed are simple charts
for calculating the proper elastic mounts for pilots! seats
and charts from which the sound levels in an alrplane can be
calculated for a given design.

CALCULATION OF SOUND LEVELS =~~ SOUND SURVEYS IN ILARGE AIRCRAFT

Sound surveys have been made in five different planes; an
American Airlines Douglas DC~3B, U. S. Army Douglas B~18A and
Boeing B«17C, and U. 8. Navy Consolidated XPBY-5A and a Martin
PBM"‘ l L]

The purpose of these surveys was to obtain data regarding
the character of the sound spcctrum of an airplane, and to
determine” the principal scurces of the noise in all parts of
the planc. These data would then scrve as a pguide for our ex-
periments on sound control, and as a check on the accuracy of
calculation of sound lcvels from the design of a plane,

The equipment used (Fige. 1, page 3) included a combination
sound lcvel meter and a .continuously variable sound analyzer,
together with its associated dynamic microphone, the analyzer
having .twe band pass filters; one 5 cycles wide and the other
200 cycles wide; a high spnccd level recorder operating with a
50 db. volume rangec; and, in the later tests, 2 band pass fil-
ter set. The overall acoustical callibraticn of the microphone
and sound level metcr, using the flat notwork, is shown on
page 5., All measurcmonts were made using the flat nctwork,
and the sound levels_in decibels are based on the A. S. A. re-
ference lovel of 10716 watts per squarc ccentimecter. 'The
analyscer frequency scalce is divided into two parts; 10 o 1000
cps and 1000 to 10,000 ¢cps. A synchronous motor is uscd in’
sweoping the frcoquency range, ané & marker aubtomatically rc-
cords cvery 100 cps diwvision point on the wax paper of the high
spced level rccorder. The 5 cycle band width was uscd from
10 to 1000 cps, and thc 200 cyclc band width was used from 1000
to 10,000 cps. The fjltcr sct has a single control gang
sw1tch which permits o rapid shift from onc octave £0 thc next.
Samplc data using both tho analyzer and filter set are showm




on page 7. The overall sound level 18 recorded at the begine
ning ol each test, In compubing the octave levels from the
filtey s=t data, necessary correction for the insertion loss
of e#th section is made, These insertion losses are shown in

-~Tabl# TII, below. All data graphed in this report have been

coriiaetied,
TABLE III ‘
Insertion Toss of Filter Set
Qctave Range Insertion Loss
Overall T . add 5 db.
Below 50 c.paSs —-add 10
50 to 100 add 10
75 to 150 add 9
100 to 200 add "9
150 to 300 add 9
200 to 400 add 9
300 to 600 add 8
400 to 800 add 8
600 to 1200 add 8
800 to 1600 add 8
1200 to 2400 add 8
1600 to 3200 add 8
2400 to 4800 add 8
above 4800 add 8

The tests were made with the analyzing and recording -
equipment mounted in one part of the plane. In all cases
the apparatus was shock mounted to reduce the disturbing éf-
fects of vibration., There is no indication on the records
of any such disturbances, The microphone was connected
using various sections of cable, depénding upon the size of
the plane, and wherever bulkhead doors were closed, short,
flat " jumpers" permitted comnection under the bottom of such
doors. Vibration measurements were made using a damped 4dy-
namic vibration pickup associated with the apparatus already
described.,

All spectra have been plotted in terms of sound energy’
per octave. In the surveys made with the filter set, these
data were obtained directly simply by adding the insertion
loss of the filter as a correction, Where only harmonic
analyses were obtained, correction factors depending upon
the band width of the analyzér, the type of spectrum and the
octave involved,were applied. The overall level obtained
at each stetion is plotted on the left hand side of the page
and 15 indicated by a dash with the associated station num-
ber, Along the boitam of the page, the frequencies of the
various harmonics of propeller, engine and exhaust are in-
dicated by dots. ’

»
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Fig. 1.

Filter set,

sound frequency analyzer, and

automatic recorder.
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The goneral charactor of tho apectra of the sirplanes
tested discloses that most of the energy lies in the frequen-
cies below 1000 cycles per sccond, reaching a maximum at ap-
proximately 100 cycles poer sccomd, This is @éspecially true of
specetra taken at s$tations near the plane of the propellers,
whils those teken at stations in tho rear of the plane remote
from the propcllers show that tho higher frequoncy compononts
become significant, there being no asocustical trcatment to
absorb thom,

A romark shéould be made acbouk the rate of docrcase of
sound level at tiiec high froquencies., Data taken in a B-18A
and o XPBY~5A indicédte that the rate of docrcase is slightly
greater in the B-18. In fact, the PBY has the smallést rate
of decroasc of all four, aond this wus the only plane not
treatcd with acoustical materisl, The conclusion must be that
the higher freguencics arc being attenuated or absorbod in the
trcated cabins, A comparison of the PBY and the PBM shows
this differcnce to be from 5 to 8 db. for frcquencics above
approximately 200 cycles. While & to 8 db., roduchtion may not
scem an encrmous amount; the inercasc in comfort and greater
cese of conversation in the trcated plane Is sirikingly ap-
pareni, to the observery -

To iliustrabe the Increase in high frequencies in the rear
of the plane, comparc stations I (pilot), page 75, and 17 (rcar),
page 87 for the PBM=-l. At station 1, the level begims %o
drop after approximatcly 150 c¢ycles, whereas at station 17, the
spectrum is esscntially uwniform to 700 cycles., At 100 cycles
the lcvel is about 6 db, higher at station 1 than at station
17, while at 1000 cycles it is 10 db, lower. Such a diffcr-
éntial mckes the character of the sound at the two stations
entirely different. .

The various factors that contribute to the spectrum aro
propeller noise, enginc noisc, exnaust noisc, and aerodynamic
noise, In the forward part of the planc; the propcller and
enginc noisc are most disturbing, because their frequency com-
poncnts are low and quitc intense., In the rear of tho planc
the aerodynamic and cxhaust noiscs arc more cvidcent, as thoy
are not completely masked by the lower frequency noisc of the
engine and propcller,

With so many sources of noisc, it is incvitable that under
certain conditions beats will occur. Possibly the most obvious
beats that occur in multiple motor planes are thosc duc to the
motors being out of synchronism., If it werc posszible to ac~
curatcly control this synchronism, significant rcduction in
vibration and acoustic levels could bec rcalized, if the pro-
pellers werc properly phascd, Beats can also cccur between,
say; the second hormonic componcnt of the enginc and the
fundamental componcnt of the propellcr. Using o thrce blade
propeller and o 11 to 16 gear ratio, thc fundamental of the

e
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propellier is st Two c¢ycles higher than ths second harmonic .

<
of the engine. This beat will always -be present under all
conditions of flight, &nd in addition %o producing a fluce
tuating sound level, causes unnecessary vibration of the fuse-
lege. A more favorable gear ratio should be chosen, say 3
to 2. i

c..:.

|

In Report Ho, 2474 of the Douglas Aircraft Company, the
effect of the 3 to 2 gearing on sound and vibration in a DC-3
airplane is discussed, Excerpts from this report follow:

Purpose of Report.

To measure the effect of 3 to 2 geaxlng on the
sound and vibration in a DC-3 airplane as compared
with the standard 11 to 16 ratioc and the dynamic
suspension mount,. ’ .

o Y N W A PN e G I SO I M el o L ST N

Results and Discussion, .

It will be noted that the average wibration velo-
city 1s 9 db. less than that for the 11 to 16 gear
ratio and 7 db, less than when equipped with the d¥y-
namic suspernsions A comparisci: of the sound level
tests shows a 4.4 db. improvement over the 11 to 16
f gear ratlo and a 338 dbi improvement over the ‘dyna~
P mic suspension installation. This improvement may
, be considered even better than shown by these figures
P when it 1s stated that no beat exists in the sound
i or vibration.. On an sirplane equipped with the stan-

dard 11 to 16 gonVing, the beats cause a plus and .
ninus 5 db, change in level, . . i

y The beat 1s the result of a difference in the

! frequenciess of the sound and.vibration caused by the

I passage of the propeller blades past the Tuselage ;

- end the vibration and resulting sound 'of the second

order of engine unbealance. With the 11 to 16 ratio i
this difference is approximately 2 cycles per ;

' second. With 3 to 2 gearing both of these sources '

have the same frequency s8¢ ne beat can occur. Iow-

i ever, duec to the fact that there are still two se-

i parate sources emitting.sound and vibration of the

same frequency, there may be an addition o® can-

cellation depending upon the phase angle between

! the two sources, It is believed that the large .

i reduction in sound and vibration levels is duve to

this e¢ffect. Through some chance the propellers

| on the planc tested wore indexed with rcespect to_ the

: © crankshaft in such a monner that the phase angles
of the sound and vibration from these two sources
were 180° apart and cancellhtion resulteds

L
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Conclusion.

and vibration-in ths cab The rsactions of all
the observers on board during the test checked the
measwred results. The improvement was sSo- Ol}'ﬂS tanding
that it is believed that a detailed study.of the in-
stallation should be made, This study should include
tests showing the effect of indexing of the prepeller
and the effect of the englne mount characteristics

on the sound and vibration in a plane equlpped with
the 3 to 2 gearing.

These tests she\ a large decrease in the sound
Py P PO
Liie

This seems -tc be a definite method of rcducin~ the sound
level and the structural vibration level without adding wecight.

We have had no chance to experiment with a procedurc that
could be folldwed in indexing a propcller, but it seems rea-
gonable that it could be done at the airplane factory. A
sound lovel meter could be placed, say, at the pilot!s posi-
tion, and the propeller adjusted on tho motor shaft to such
a position as to producc nminirmm sound level. The removal of
the 2 cyclec beat that occurs when & 11 to 16 gear ratio is
uscd would be of considerablc advantage from the psychological
point of view and the elimination of dctrimental vibration in
the fuselage ax well as the reduction of the sound level.

Our measurerncnts and thosc of the Douglas and Bocing Alr-
craft Companies indicate that the propeller noise can be re-
duced by increasing thé minimum scparction of the propeller
tips from the fusclage This, of course, is a des1gn problem
for the aircraft on~1noers. Howecver, it prescnts suchh acou-
stical and V1bratlonal advanteges over the closc scparation
in prescnt usc that thc rccommendation of incrcascd separation
mist be made and should be given definitc considcration.

o~ ot—— a2 oty

Several analyses were takon to comparce transmission of
sound through windows with transmission through the skin, All
such comparisons indicate that the windows have much lcss
attcecnuation, especcially where they are thin and large. The
highest sound level (131 db,) obtained in thesc surveys was in
the XPBY-5A, the microphone being held two inches away from a
thin plexiglas window ond directly in the plane of the propel-
ler. The pilot unfortunatcly, sits with his head only about
10 inches in front of this perticular window.

A great amount of informcotion is contained in thcse re-
cords; howover, we¢ have not had sufficient time to study the
records in dectail and present such results in this rovort.

It is rcasonable to conclude that the levels measured arc too
high for men to be subjected to for long pcriods of time and
rebain good cofficicncy. In cddition, the present acoustical
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:reatments do little good at the lower freguencies,

At present, measurements are being mcde under our dirsc-
tion at the propeller tsst stond ot VWright Field which will
give data relating the ncise made by a propelier to ,its piteh,
r.p.m, and horsepower, I} is plamned thot we devise some
means by which a sound level survey of the exterior .of a fuse-
lage can be conducted. Such data, together with the propeller
test stind data, would serve as a starting point in predicting
sound levels in a plane prior to its construction. A detailsd
study of our present data will be made to determine what are
the principal components of the noise in each comparbtment,
what is the source or sources of such components, and what is
the variation of these components in any compartment gas a
function of time, For several spectra, loudness numbers will
be computed and tabulated. If it is possible, we would like
tc obtain data on variation of soind level with altitude ond

tempercture in pressurized cabins,
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The following Flight daka apply to the next six pages of
graphs, The exhaust frequencies shown on these pages are the
second and fourth harmonics. The fundamental and third har-

-3 e |

monics were omitted and should Ts includsde.

Type Plsme: B -~ 184, :

lotora: 2 - 9 cylinder \Wright Cyclone.

Gear Ratio: 11:16, three blades.

Propeller Diameter: 11l.5 feet,

Tip Seperation: 8 3/8 inches., e
Normal_Crgis;ng: i

Ro P, M. = 1850 M. P, = 27.5 inCheS H..Po = 636

Alt, = 7000 - 8000 ft. T = =20°C.
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The fellow o the nextelght pages of
graphs., by L wn on these page re the
second md& Euwﬂn m&:mmik su., LT ﬂw&&_wntm]k ard third her-
morics were cmitied ard sghonid ..z inciunded,

Type Plave: B ~ 378, .

W

oy \W-

Fotors: 4 - 9 cyclinder 5 Cyclonow

Gear Rakioz 9+:3€, Three olades,
Propeller Diamcier: 11.5 fi.

Tip Separdbion: I0 inches.

Hioroe W, ML:WW:Wjﬁﬁl‘wm;;;r.w;.
R. P. H. = 20003 . P. = 32.8 in.3 ¥H. P. = 785.
Co Au Su = 239 mph.; T = -90C.; AYE. = 9000 L.

Mantirwm Crasing:

Ed Pm !»‘»E-r = 2300; M- P-u = 36 m-; H- P— = 935-

‘»mumv “m“mm Ww\um — m%«‘]ﬂt mw‘wm m “WR —_ “‘-““WVM\WM W ‘M‘mm‘mmmw - W\“‘WW ;Wmmtv‘iumn

EBoonomical Gr T

:Ww- EP“W MMM b= HMHMWUW 'w lm W"w —_ M% MMW ‘ﬂw“um :Wmum = ”M%‘ﬁw

an ~ﬁ.m ﬂ'lm S ].‘B? MMMH Eﬂ -_— ”"‘lﬂuﬂm% Mlmm = Qm ﬂ-\bm

‘\»}mu‘mw um“umu \}w\‘uwm = “ﬂ‘vwmw\:m‘“mU'mhm“m‘}m“ M%‘Im‘“ \w umﬂ“\m\m‘»ﬁm”m
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The following Llight data apply to the next eight pages
of graphs. The exhaust frequencices shiovn on these peges are
the second and fcurth harmonics. The frwdamehtal and third
harmonics were omitted and shourd e includcd,

f&pe Planc: XPBY -~ 5A.

Motors: 2 - 9@ cylinder,

Gear Ratio: 9:2, thrce bladgs.
Propeller Diameter: 12 fcet.

| Tip Scparation: 10 inches.

‘ Normal Cruising:

2150; I‘I- Po = 25n5 in.; I'Ic Po = 8009

- Ra Po I’AI‘.' =
I. A. S. = 110nmph; T = 1°C.; Alt. = 2900 ft.

Maximum Cruiging: )
R. P. M, = 2500; M. P. = 35 in.; H. P. = 950.
I. A, S. = 130 nmph; T = ~19C.; Alt. = 400C ft.

I. Ae S. = Indicated Air Spced.
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The following flight data apply to the next eight pages
of graphs, The exhaust frocuencics shown on these pages are
the second and fourth hornornics. “hie fvn“emental ancd third

harmonics were omitted and sncoalld Te incluvdcd,

Type Planc: PBI -~ 1.,

»

4

Motors: 2 ~ 14 cylincder (alternate firing).

Gear Ratio: 9:16, three bladcs,

Propeller Diamecter: 14.5 feet.

Tip Scparation: 17.5 inchcs,
Normal Cruising: . .

R. P. M, = 1700; M. P, = 24 in.;

I. A. S. = 130 nmph.; T = -4°C,;
Maximum Cruising: )

R. P. M. = 1900; M. P, = 27 in.;

I. A. S. =-150 nmph.; T = -50C,;

I. A. S.

Indicated Air Speced,

H. :!.:’o = 750, .
Alt, = 5000 ft.

H. P, = 900,
Alt, = 8000 ft.
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The following flight data apply to the next twe pages
of graphs.

Type Plane: DC-3B
Engines: Wright G-102
Gear Ratlo: 3:2, three blades.
Propeller Diameter: 11.5 ft.
Tip Scparation: 7 inches
R. P, M, 1850 .
T?ue'Indicated:iAir Speed: 160 mph.
Mi Pe: 27 in,
H. P. 600 per engine
T° : 32°F
Alt: 8000 ft.
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